A limited set of genes, Clock, Bmal1, mPer1, mPer2, mCry1 and mCry2, has been shown to be essential for the generation of circadian rhythms in mammals. It has been recently suggested that circadian genes might be involved in sleep regulation. We investigated the role of mPer1 and mPer2 genes in the homeostatic regulation of sleep by comparing sleep of mice lacking mPER1 (mPer1 mutants) or a functional mPER2 (mPer2 mutants), and wild-type controls (WT) after 6 h of sleep deprivation (SD). Our main result showed that after SD, all mice displayed the typical increase of slow-wave activity (SWA; EEG power density between 0.75 and 4 Hz) in nonREM sleep, re¯ecting the homeostatic response to SD. This increase was more prominent over the frontal cortex as compared to the occipital cortex. The genotypes did not differ in the effect of SD on the occipital EEG, while the effect on the frontal EEG was initially diminished in both mPer mutants. Differences between the genotypes were seen in the 24-h distribution of sleep, re¯ecting especially the phase advance of motor activity onset observed in mPer2 mutants. While the daily distribution of sleep was modulated by mPer1 and mPer2 genes, sleep homeostasis re¯ected by the SWA increase after 6-h SD was preserved in the mPer mutants. The results provide further evidence for the independence of the circadian and the homeostatic components underlying sleep regulation.
Introduction
The sleep/wake cycle exhibits a circadian rhythm that is generated by an endogenous pacemaker located in the hypothalamic suprachiasmatic nucleus (SCN), and is entrained to a 24-h period by the day/ night cycle (Miller et al., 1996) . The molecular basis of circadian rhythm generation is provided by interlocking feedback loops that are regulated by post-translational mechanisms (King & Takahashi, 2000; Lee et al., 2001; Ripperger & Schibler, 2001; Albrecht, 2002) . A set of genes, including Clock, Bmal1, mPer1, mPer2, mCry1 and mCry2, has been identi®ed as essential for rhythm generation in mice King et al., 1997; Van der Horst et al., 1999; Vitaterna et al., 1999; Zheng et al., 1999; Bunger et al., 2000; Bae et al., 2001; Zheng et al., 2001) .
Two processes are thought to underlie sleep regulation (Borbe Âly, 1982; Borbe Âly & Achermann, 2000) . A homeostatic process, which strives to maintain a balance between sleep duration and sleep intensity, and a circadian process, which determines times of day with high and low sleep propensity. In the two-process model of sleep regulation, the homeostatic variable S was derived from EEG slowwave activity (SWA; EEG power density in the 0.75-to 4-Hz band) in nonREM (NREM) sleep. The build-up of SWA during waking and its subsequent decline during sleep is predictable in humans (Borbe Âly & Achermann, 2000) , rats (Tobler & Borbe Âly, 1986 , 1990 , and mice (Tobler et al., 1997; Franken et al., 1999; Huber et al. 2000a,b; Franken et al., 2001) . Thus, SWA was successfully simulated on the basis of the previous sleep wake history, and several mammalian species have been shown to increase SWA as a function of previous duration of waking (for reviews see Borbe Âly & Achermann, 2000; Tobler, 2000) . Interestingly, the number of brief awakenings has been shown to correlate negatively with SWA in the rat, and therefore represents a behavioural measure of sleep intensity (Franken et al., 1991) . The interaction between the circadian and the homeostatic process has been investigated extensively in humans (Dijk & Czeisler, 1994 Dijk et al., 1997) . In rodents, this interaction was investigated in sleep deprivation (SD) studies performed during the light or dark period in the guinea pig, in the rat and hamster, recorded under short and long photoperiods, and in arrhythmic rats with SCN lesions (Mistlberger et al., 1983; Tobler et al., 1983; Trachsel et al., 1992; Tobler & Franken, 1993; Franken et al., 1995; . These studies showed the presence of a strong homeostatic response after SD, despite major changes in the 24-h distribution of sleep, including an arrhythmic sleep/wake pattern.
Despite the independence of sleep regulation from an intact SCN as demonstrated by SCN ablation studies, it cannot be excluded that circadian genes expressed in areas outside of the SCN might be involved in sleep regulation. Thus, a recent study performed in Clock mutant mice suggested that genes centrally involved in circadian rhythm generation might play a role in sleep regulation (Naylor et al., 2000) . Such a role has been hypothesized for the circadian gene Npas2, which is primarily present in the forebrain nuclei and regulates the expression of Cry1, Per1 and Per2 in the mouse cortex (Reick et al., 2001) .
Recent evidence showed that the human Per2 gene may contribute to the 4-h advance of the sleep/wake rhythm encountered in certain cases of familial advanced sleep-phase syndrome (FASPS) (Toh et al., 2001) . The authors identi®ed a mutation affecting the phosphorylation site of this gene in these subjects. mPer1 and mPer2 genes are thought to complement each other in the resetting of the circadian clock by light: a light pulse applied at the beginning or end of the dark phase induces Per1 and Per2 gene expression in a differential manner (Albrecht et al., 1997; Shearman et al., 1997; Shigeyoshi et al., 1997) . This notion is supported by the observation that mPer1 and mPer2 mutant mice are de®cient in advancing or delaying the phase of the clock after exposure to a light pulse . Furthermore, mPer1 mutant mice display a larger variation in the length of the circadian activity period than wild-type controls. In mPer2 mutants, the circadian period is shortened and abolished after several weeks in constant darkness (Zheng et al., 1999 Bae et al., 2001) . In contrast, in constant light both mPer1 and mPer2 mutants maintain circadian rhythmicity (Steinlechner et al., 2002) . The authors demonstrated that the photoperiod in¯uences the expression of mPer1 and mPer2 genes. The dynamics of circadian expression were altered in mPer1 and mPer2 mutants, indicating that Per genes might serve as landmarks for dusk and dawn.
The aim of the present study was to investigate the role of mPer1 and mPer2 in sleep regulation. We compared sleep and the sleep EEG of two mouse mutants lacking mPER1 protein or a functional mPER2 protein with wild-type controls under conditions of enhanced sleep pressure.
Materials and methods

Animals
Recordings were performed in male mice homozygous for either a null mPer1 allele (mPer1 mutants; n = 10) or for a deletion mutation of the PAS domain (Per-ARUT-Sim) in the mPer2 gene (mPer2 mutant; n = 12), and wild-type controls (WT; n = 7). These mice have been characterized previously (Zheng et al., 1999 ). All mice were F6 homozygous, derived from intercrosses between heterozygous (C57BL/6-Tyr c±Brd Q 129SvEv Brd )F2 offspring and C57BL/6-Tyr c±Brd . The mice were kept individually in Macrolon cages (36 Q 20 Q 35 cm), with food and water available ad libitum, and maintained on a 12 h light : 12 h dark cycle (light from 07:00 to 19:00 h; 7 W OSRAM Dulux EL energy saving lamp, » 75 lux and 22±24°C ambient temperature). The experiments were approved by the Cantonal Veterinary Of®ce (Zu Èrich, Switzerland).
FIG. 1. Time-course of the three vigilance states in baseline in mPer1 mutants (n = 10; left panels) and mPer2 mutants (n = 12; right panels) compared to WT mice (n = 7). Waking, non REM sleep (NREMS) and REMS are expressed as percentage of total recording time. Mean values for 1-h intervals T SEM. rANOVA interaction between factors`genotype' (mPer1 mutants, mPer2 mutants, WT) and`1-h interval' (1±24) was P < 0.001 for all vigilance states. Triangles indicate signi®cant differences between mutant and WT mice for the corresponding interval (P < 0.05, two-tailed paired t-test). The white and black bars at the top of each graph indicate the 12 h light : 12 h dark cycle.
Surgery
Electrodes for recording the occipital and frontal electroencephalograms (EEG), a reference electrode overlying the cerebellum and two wires inserted into the neck to record the electromyogram (EMG) were implanted under deep anaesthesia (ketamine 87 mg/kg combined with xylazine 13 mg/kg, i.p.), as described previously Huber et al., 2000b) . The mice were 20.9 T 0.75 weeks old and weighed 32.3 T 0.9 g before surgery. The electrodes were ®xed to the skull with dental cement. At least 21 days were allowed for recovery and adaptation to the recording conditions.
Experimental protocol and data acquisition
After a 24-h baseline recording, mPer1 mutants (n = 10), mPer2 mutants (n = 12) and WT mice (n = 7) were recorded during a 6-h sleep deprivation (SD) starting at light onset and 18-h recovery. The EEG and EMG signals were ampli®ed (ampli®cation factor » 2000), conditioned by analogue ®lters (high-pass ®lter: ±3 dB at 0.016 Hz; low-pass ®lter: ±3 dB at 40 Hz, < ±35 dB at 128 Hz) sampled with 256 Hz, digitally ®ltered (EEG: low-pass FIR ®lter 25 Hz; EMG: band-pass FIR ®lter 20±50 Hz), stored with a resolution of 128 Hz, and displayed on a PC monitor. Consecutive 4-s epochs were subjected to a Fast Fourier Transform routine, and EEG power density was computed for 4-s epochs in the frequency range of 0.25±25.0 Hz. Between 0.25 and 5.0 Hz, the values were averaged to yield 0.5-Hz bins, and between 5.25 and 25.0 Hz to yield 1-Hz bins.
After the sleep experiment, motor activity of mPer1 mutants (n = 7), mPer2 mutants (n = 7) and WT (n = 4) was recorded in cages equipped with a running-wheel and infrared sensor placed above the cage. Activity counts were recorded on-line and stored in consecutive 1-min epochs (Stanford Software Systems, Chronobiology Kit).
Data analysis and statistics
Vigilance states were visually scored for 4-s epochs, as described previously (Tobler et al., 1997) . SWA (EEG power density in the 0.75±4 Hz band) was determined for each epoch scored as NREM sleep and expressed as a percentage of the individual mean across the 12-h baseline light period. Brief awakenings (BA) were de®ned as waking episodes lasting < 16 s, and expressed per hour of total sleep time. Epochs containing EEG artifacts were visually identi®ed and excluded from spectral analysis (8.4 T 0.8% of total recording time). The vigilance states of all epochs could be identi®ed. SD effects within genotype were analyzed by two-way ANOVA for repeated Mean 24-and 6-h values (T SEM) for baseline and recovery after 6-h sleep deprivation in mPer1 mutants (n = 10), mPer2 mutants (n = 12) and WT mice (n = 7). 24-h baseline values did not differ signi®cantly between genotypes (t-test). a P < 0.05: two-tailed paired t-test comparing baseline and recovery within each genotype after signi®cance in a rANOVA with factors`condition' (baseline, recovery) and`6-h intervals' (1±3). Genotype differences in baseline and in the effects of sleep deprivation (difference: recovery±baseline) were assessed by a Duncan test after signi®cance in a rANOVA with factors`genotype' (mPer1 mutants, mPer2 mutants, WT) and`6-h intervals' (1±4 or 1±3). Sleep homeostasis in mPer1 and mPer2 mutant mice 1101 measures (rANOVA) with factor`condition' (baseline, recovery) and interval' (1-h or 6-h intervals). Regional differences of SD effects within genotype were assessed during the ®rst 6 h of recovery by a three-way rANOVA with factors`derivation' (occipital, frontal), condition' (baseline, recovery) and`1-h interval'. Differences between genotypes in the effects of SD were analysed by three-way rANOVA with factors`genotype' (mPer1 mutants, mPer2 mutants, WT),`interval' (1-or 6-h intervals),`condition' (baseline, recovery) or two-way rANOVAs with factors`genotype' (mPer1 mutants, mPer2 mutants, WT),`interval' (1-or 6-h intervals), based on the computation of the difference`recovery ± corresponding baseline interval'. In order to avoid the interpretation of three-way ANOVA 3 . Time-course of vigilance states for baseline (BL; mPer1 mutants n = 10, mPer2 mutants n = 12, WT = 7) and recovery after 6-h sleep deprivation (REC). Curves connect 1-h mean values (T SEM) expressed as percentage of total recording time. rANOVA main factor`condition' (BL, REC) was p < 0.02 for both non REM sleep (NREMS) and REMS in all genotypes. rANOVA interaction between factors`condition' (BL, REC) and`1-h interval' (1±18) was P < 0.001 for NREMS in mPer2 mutants and P < 0.04 for REMS in mPer1 mutants and mPer2 mutants. Triangles above the curves indicate signi®cant differences between conditions for the corresponding interval (P < 0.05, two-tailed paired t-test). ANOVA main factor`genotype' (mPer1 mutants, mPer2 mutants, WT) and ANOVA interaction between factors`genotype' (mPer1 mutants, mPer2 mutants, WT) and`1-h interval' (1±18) for the effect of sleep deprivation (difference REC-BL) was P < 0.02 for REMS. Triangles in the panels below the abscissa indicate signi®cant differences between mutants and WT mice (P < 0.05, Duncan test).
interactions, we present the data for the two-way ANOVAs. Two-tailed paired t-test or Duncan's multiple range test were used when the ANOVA reached signi®cance.
Results
Daily distribution of vigilance states
The main difference between the genotypes occurred in the distribution of sleep in the course of the 24-h baseline (Fig. 1 ). Differences were observed particularly at the light±dark transitions, while the total daily amount of vigilance states did not differ (Table 1) . mPer1 mutants slept more than the WT mice at the dark±light transition. In contrast, mPer2 mutants had less NREM sleep and REM sleep than WT in the last 3 h before dark onset, and more NREM sleep in the ®rst 2 h after light onset. In the last 6 h of the dark phase, NREM sleep and REM sleep were lower in mPer1 mutants than in WT mice.
The earlier decrease of sleep in mPer2 mutants at the light±dark transition is consistent with the earlier increase, i.e. with the phase advance of wheel-running activity in these mice (Fig. 2) . In contrast, both mPer1 mutants and WT mice showed an abrupt surge of activity in the ®rst hour after dark onset. This pattern was con®rmed by motor activity measured by infrared sensors (not shown). A more prolonged activity phase occurred in the second part of the night in the mPer1 mutants compared to the two other strains. This result was re¯ected in the lower amount of sleep during this interval.
Effects of SD on vigilance states
After SD, total sleep time was increased to a larger extent in mPer2 mutants than in WT mice in the ®rst half of the dark period, while mPer1 mutants did not differ from WT (Table 1) .
The vigilance states were clearly affected by 6-h SD in all mice. NREM sleep and especially REM sleep were enhanced above the corresponding baseline values (Fig. 3, Table 1 ). The difference between the genotypes was in the time-course and in the magnitude of the effects. In mPer1 and mPer2 mutants, the NREM and the REM sleep rebound started within the ®rst 6 h of recovery (light phase), while in WT mice it was delayed to the dark phase. The increase in REM sleep was most pronounced in the ®rst 6 h of the dark period following SD. This effect was larger in mPer2 mutants than in WT mice. The increase of REMS per total sleep time in this interval was lower in mPer1 mutants, while it did not differ signi®cantly between mPer2 mutants and WT mice (Table 1) .
After SD, the number of BAs was below baseline in all genotypes, although this reduction did not reach signi®cance in the WT mice (Table 1 ). The effect was limited to the ®rst 6 h in mPer1 mutants, while in mPer2 mutants, BAs remained reduced during the entire 18-h recovery period. The comparison of mPer2 mutants and WT mice FIG. 4 . Effects of 6-h sleep deprivation (SD) on EEG power density spectrum in non REM sleep (NREMS) and its time course during recovery (REC). Upper and lower panels: occipital (OCC) and frontal (FRO) derivation for mPer1 mutants (n = 10), mPer2 mutants (n = 12) and WT (n = 7), respectively. Curves connect mean values of relative power density for consecutive 2-h intervals expressed as percentage of the same bin of the corresponding baseline interval (100%). Values are plotted at the upper limit of each frequency bin. Horizontal lines below the abscissa indicate frequency bins which differed signi®cantly from the corresponding bins of baseline within each genotype (P < 0.05, two-tailed paired t-test after signi®cance in a two-way rANOVA), and frequency bins which differed between mutant and WT mice in the effect of sleep deprivation (difference REC-BL; P < 0.05, Duncan test).
resulted in a more prominent reduction in mPer2 mutants than in WT in the ®rst half of the dark period (P < 0.05, Table 1 ).
Effect of SD on NREM sleep EEG power spectra and slowwave activity
The baseline absolute spectra of the occipital EEG did not differ between the three genotypes (not shown). In the frontal derivation, absolute EEG power density between 1.25 and 2 Hz was lower in mPer1 mutants than in WT (P < 0.05, Duncan test). EEG power spectra did not differ signi®cantly between mPer2 mutants and WT mice (data not shown).
After SD, EEG power in NREM sleep was enhanced in both derivations in all genotypes, especially in the slow wave band (Fig. 4) . In the occipital EEG, power in NREM sleep was increased in the frequency band between 0.75 and 6 Hz, an effect that progressively decreased in the course of the ®rst 6 h of recovery. A less prominent increase in power occurred in the frequencies above 8.25 Hz. In the frontal derivation, EEG power was increased in a broad frequency band between 0.75 and 11 Hz during the ®rst 2 h of recovery and in the frequencies below 5±6 Hz in the subsequent 4 h. EEG power density in frequencies above 13 Hz was only initially increased after SD.
Differences in the effect of SD between genotypes occurred only in a single bin in the occipital derivation, whereas in the frontal derivation larger differences were observed (Fig. 4 ). An increase of EEG power density below 5±6 Hz was initially smaller both in mPer1 and mPer2 mutants compared to WT mice in the ®rst 2 or 4 h after SD, whereas it was larger in mPer2 mutants than in WT during the last 2 h of the light period (Fig. 4) .
Consistent with the changes in the NREM sleep spectra, SWA in NREM sleep was increased in the ®rst 6 h after SD in all genotypes (Fig. 5 ). This frontal predominance was evident in the initial 4 h of recovery in WT and mPer1 mutants, and 6 h in mPer2 mutants (Duncan P < 0.05, after signi®cance in rANOVA interaction`derivation' Q`condition' Q`1-h intervals'; Fig. 5 ). In the frontal derivation, the initial SWA increase was smaller in mPer1 and mPer2 mutants than in WT whereas at the end of the light period, it was larger in mPer2 mutants than in WT mice. The mutants and WT mice did not differ in the occipital derivation.
To investigate the more subtle aspects of sleep homeostasis, we determined SWA in NREM sleep after spontaneous epochs of waking. The 12-h light period baseline waking epochs were subdivided into two categories based on their duration: 5±20 min and 20±35 min. A signi®cantly larger increase of SWA was observed after the longer epochs compared to the short waking epochs in both derivations (P < 0.05; two-tailed t-test; data not shown). The genotypes did not differ.
Discussion
The most prominent difference between the mPer mutants and WT mice was the different daily distribution of sleep, while sleep homeostasis re¯ected by the SWA increase after SD was unaffected by the mutations. The differences were particularly evident at the light±dark transition. mPer2 mutants began their main waking episode earlier than WT mice. This ®nding suggests that the daily sleep/wake pattern is not masked by light in these mutants. On the FIG. 5 . Effects of 6-h sleep deprivation (SD) on slow-wave activity in nonREM sleep (SWA in NREM sleep; mean EEG power density in the 0.75±4.0 Hz band) in the occipital (OCC) and frontal (FRO) for the baseline (BL) and recovery (REC) for mPer1 mutants (n = 10), mPer2 mutants (n = 12) and WT (n = 7). Mean 1-h values T SEM. In the 6-h interval of recovery in the light period, rANOVA interaction between factors`condition' (BL, REC) and`1-h interval' (1±6) was P < 0.0001 in both occipital and frontal derivations for all genotypes. Triangles below the curves indicate signi®cant differences between conditions for the corresponding interval (P < 0.05, two-tailed paired t-test). ANOVA interaction between factors`genotype' (mPer1 mutants, mPer2 mutants, WT) and`1-h interval' (1±6) for the effect of sleep deprivation (difference REC-BL) was P < 0.05 for both derivations. No difference between mutant and WT mice was found in the occipital derivation (Duncan test). Triangles in the lower panels indicate signi®cant differences between mutant and WT mice in the frontal derivation (P < 0.05, Duncan test).
other hand, waking in mPer1 mutants increased at dark onset as in WT mice (Fig. 1, Table 1 ), but these mutants were awake longer in the second half of the dark phase (Table 1) . In general, the sleep pattern re¯ected the results of the motor activity pro®le (Fig. 2) . The running wheel activity pattern is similar to the one obtained in another mouse strain in which the same mutations were tested (Zheng et al., 1999 Steinlechner et al., 2002) . Our ®ndings are consistent with the observation that mice with mutations in mPer2 are defective in delaying the circadian clock . Furthermore, Daan et al. (2001) postulated that mPer1 is part of a morning oscillator that regulates the phase relationship of the circadian system with dawn, whereas mPer2 is part of an evening oscillator that regulates the phase relationship with dusk. In particular, the early NREM sleep decline at dusk in the mPer2 mutants supports this hypothesis. A mutation affecting the phosphorylation site of the human Per2 gene has been recently identi®ed in certain cases of FASPS, which leads to an earlier waking of these subjects (Toh et al., 2001) . Interestingly, we observed a similar feature in mPer2 mutants, although the mutation in the mPer2 gene of our mice is different from the mutation in FASPS patients.
After SD, both NREM sleep and REM sleep increased in all genotypes, preferentially in the subsequent dark period. The REM sleep rebound started earlier and was larger in mPer1 and mPer2 mutants than in WT, but remained related to the amount of total sleep. Similar effects of SD on vigilance states have been described in C57BL/6 mice (Huber et al., 2000a) . SD elicited similar changes in the NREM sleep EEG spectrum in the three genotypes. The most prominent response to SD was the typical increase of SWA after sleep onset. SWA is considered as an index of sleep intensity and its rebound after a waking episode re¯ects the homeostatic regulation of sleep (Borbe Âly & Achermann, 2000) . It was evident that this process was still effective in mPer1 and mPer2 mutant mice. The independence of sleep regulation and mPer1 and mPer2 gene products is further supported by the increase of SWA in NREM sleep after increasing spontaneous waking duration in baseline. The SWA increase was present in both derivations and did not differ between the mutants and the WT mice. Although BAs tended to decrease after SD, supporting this variable as a behavioural measure of sleep intensity, its immediate changes in the ®rst 6-h period after SD did not differ between the mutants and the WT mice. The prolonged minor decrease of BAs, which was found only in mPer2 mutants, may indicate subtle differences in the recovery processes between the genotypes.
In all genotypes, a larger and more persistent SWA rebound was found in the frontal derivation compared to the occipital derivation. This result con®rms the topographic differences elicited by SD in the rat (Schwierin et al., 1999) and in mice (Huber et al., 2000a) . According to the hypothesis of a local, use-dependent regulation of sleep (Krueger & Oba Âl, 1993) , topographical EEG differences may be related to different neuronal activity during waking in different brain areas, as recently illustrated after vibrissae stimulation in the rat (Vyazovskiy et al., 2000) . The occipital SWA rebound was similar in the three genotypes, whereas the SWA increase in the frontal EEG was initially lower in mPer1 and mPer2 mutants than in WT mice, and it lasted longer in mPer2 than in WT mice and mPer1 mutants. The frontal SWA rebound in WT mice exceeded the rebound that has been previously found in 129/OLA and C57BL/6 mice (Huber et al., 2000a) by » 40±50%. In prion-protein-de®cient mice, the larger SWA rebound after SD in the occipital derivation compared to WT mice was attributed to the behavioural differences between the two strains (Huber et al., 1999 (Huber et al., , 2002 . It is possible that the lower frontal SWA rebound in the mPer1 and mPer2 mutants re¯ects behavioural differences between the mutants and WT mice during the extended waking episode rather than changes in the homeostatic sleep process.
So far, with the exception of Clock, the role of circadian genes in the regulation of sleep have not been investigated. Compared to WT mice, the Clock mutants did not show any differences in SWA during baseline or after SD (Naylor et al., 2000) . Sleep has also been studied in mice lacking the transcription factor albumin D-binding protein (DBP), which takes part in the translation of the molecular signals of the pacemaker onto overt rhythms such as the motor activity pattern (Lopez-Molina et al., 1997) . It was shown that DBP regulates the circadian motor activity pattern as well as the circadian aspects of sleep, but does not affect the homeostatic regulation of sleep after SD (Lopez-Molina et al., 1997; Franken et al., 2000) . These ®ndings are consistent with the robust homeostatic response to SD in guinea-pigs, or rats and hamsters recorded under short and long photoperiod, or in arrhythmic rats with SCN lesions despite major changes in the 24-h distribution of sleep or its absence in the SCN lesioned rats (Mistlberger et al., 1983; Tobler et al., 1983; Trachsel et al., 1992; Tobler & Franken, 1993; Franken et al., 1995; .
In summary, the daily pattern of sleep is differentially modulated by mPer1 and mPer2, re¯ecting distinct roles of these genes in the circadian system. In contrast, the homeostatic regulation of sleep is preserved in the mPer1 and mPer2 mutants. The present study supports the view that different mechanisms underlie the circadian and homeostatic processes of sleep regulation.
